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PRODUCTION OF THE PREFORM 
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Description 

Technical Held 

[0001] The present invention relates to an aromatic polyester preform, a blow molded product and a preform produc- 
tion process. More specifically, it relates to a blow molded product having a small content of acetaldehyde, a preform 
providing the product and a production process for the preform. 

Background Art 

[0002] Glass has been heretofore widely used as a material for containers for seasonings, oil. refreshing beverages 
beer. Japanese sake, cosmetics, detergents and the like. However, glass is heavy, costly to distribute, and dangerous 
to handle because of its fragility. 

[0003] To overcome these defects of glass containers, plastic containers have now been rapidly replacing the glass 
containers. Of plastic materials for these plastic containers, polyethylene terephthalate is now widely used as a substi- 
tute matenal for glass containers because it has excellent mechanical strength, heat resistance, transparency oas bar- 
rier properties and the like. 

[0004] However, since a polyethylene terephthalate container may not exhibit a sufficient ultraviolet screening function 
depending on its application, the inadiation of ultraviolet light from the outside may cause the degeneration of quality 
and taste of a food contained therein or the discoloration or deterioration of a cosmetic contained therein with the result 
of a reduction in its trade value. Polyethylene terephthalate itself is a resin having low heat resistance unless it is crys- 
tallized, and a polyethylene terephthalate container must be filled with content at a high temperature or showered with 
hot water after filling for the purpose of sterilization according to the type of the content Therefore, a material having 
high heat resistance is desired. High gas barrier properties are also desired to extend the shelf life of content seconding 
to the type of the content 

[0005] Polyethylene naphthalene dicarboxylate is known as a resin with which the above problems can be overcome 
[0006] Polyethylene naphthalene dicaitxjxylate has higher melt viscosity than polyethylene terephthalate. Therefore 
when this resin is molded in accordance with a conventional method for blow molding polyethylene terephthalate into a 
biaxially oriented bottle, a large content of acetaldehyde is formed and the obtained molded product has a large content 
of acetaldehyde. Thus, when this molded product is used particularly as a container for a beverage, the flavor of content 
is spoiled. 

[0007] It has recently been known that the above problem can be overcome by blending polyethylene naphthalene 
dicarboxylate with polyethylene terephthalate. 

[0008] However, when a copolymer resin of ethylene terephthalate and ethylene naphthalene dicarboxylate is pro- 
duced by a conventionally known copolymerization method, the solid-phase polymerization temperature must be tow- 
ered due to a reduction in a melting point thereby causing a reduction in rxaJuctivity. This causes not only an increase 
in costs but also the production of a resin having a different blending ratio for each required quality, thereby increasing 
production costs and making the control of molding complicated. Since a resin containing 20 to 80 mol% of ethylene 
naphthalene dicarboxylate is amorphous, handling properties at the time of drying and solid-phase polymerization 
deteriorate and required physical properties may not be obtained. 

[0009] As means of obtaining required quality and reducing the production costs of a resin and a molded product 
there is proposed a method comprising blending polyethylene naphthalene dicarboxylate with polyethylene terephtha- 
late and molding the Wend. 

[001 0] However, since polyethylene terephthalate and polyethylene naphthalene dicarboxylate have tow compatibility 
with each other, a molded product obtained by simply blending these is opaque with tow transparency, thereby causing 
a great reduction its trade value. Even if a transparent molded product can be obtained by selecting severe molding con- 
ditions to improve compatibility between them, for example, by raising the injection temperature or increasing the back 
pressure, a large content of acetaldehyde or oligomers is formed during molding and the oligomers are adhered to the 
vent portion of the mold of an injection molding machine, thereby causing such problems as burned spot or short shot 
In the case of a beverage in particular, the flavor of content is spoiled when the content of acetaldehyde is large. 
[001 1] Since acetaldehyde and oligomers are formed in large quantities during molding, the above problems cannot 
be solved simply by reducing the content of acetaldehyde or the content of oligomers in a polymer used. 

Disclosure of the Invention 



[001 2] it is therefore an object of the present invention to provide a process for producing a preform having a small 
content of acetaldehyde from various aromatic polyester materials, which is accompanied by the formation of acetalde- 
hyde during injection molding as described above. 
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[001 3] It is another object of the present invention to provide a process for producing a preform having excellent trans- 
parency, a small content of acetaldehyde and a small content of oligomers. 

[001 4] It is still another object of the present invention to provide a preform having a small content of acetaldehyde 
and excellent transparency, which is produced by the above process of the present invention. 
[001 5] It is still another object of the present invention to provide a biaxially oriented blow molded product obtained 
by blow molding the above preform of the present invention. ~ *" ' " 

|U" J °J her objects and a *«ntages of the present invention will become apparent from ttie following description 
[0017] According to the present invention, firstly, the above objects and advantages of the present invention are 
attained by a process for producing a preform by injection molding an aromatic polyester which comprises at least one 
aromatic dicarboxylic acid selected from the group consisting of terephthalic acid and 2.6-naphthalenedicarooxylic acid 
as a main dicarooxylic acid component and ethylene glycol as a main diol component 

wherein injection molding is carried out by an injection molding machine, which has at least one vent at the position of 
a cylinder between a position where the aromatic polyester is substantially molten in the cylinder of the injection mold- 
ing machine and the position of the front-end of the metering zone of a screw when the molten aromatic polyester is 
stored in the front-end portion of the cylinder of the injection molding machine for injection molding, while air is 
exhausted from the vent under reduced pressure. 

[0018] According to the present invention, there are further provided a preform produced by the above process and 
a biaxially oriented blow molded product obtained by blow molding the preform. 

Detailed Description of th<> Preferred Ernhnrfimwrta 

[001 9] The aromatic polyester to which the present invention is directed is a polyester comprising at least one aro- 
matic dicarboxylic acid selected from the group consisting of terephthalic acid and 2.6-naphthalenedicarboxylic acid as 
a main dicarboxylic acid component and ethylene glycol as a main glycol component That is. the above aromatic pol- 
yester includes (1) a polyester comprising e1hylene-2.6-naphthalene dicarboxylate as a main recurring unit (2) a poly- 
ester comprising ethylene terephthalate as a main recurring unit and (3) a polyester comprising ethylene-2 6- 
naphthalene dicarboxylate and ethylene terephthalate as main recurring units. 

[0020] The aromatic polyester comprising ethylene-2.6-naphthalene dicarboxyiate as a main recuning unit in the 
present invention may be a copolymer obtained through copolymerization by substituting part of a 2.6-naphthalene 
dicarboxylic acid component with at least one member selected from other aromatic dicarboxylic acids such as 2 7- 
1.5- and 1.7-naphthalenedicaiboxylic acids, isophthalic acid, terephthalic acid. diphenyWicarboxylic acid, diphenox- 
yethane dicarboxylic acid, diphenyl ether cficarboxylic acid, diphenylsulfone dicarboxylic acid and tetrahydronaphtha- 
lene dicarboxylic acid; alicyciic dicarboxylic acids such as hexahydroterephthalic acid, hexahydroisophthalic acid and 
decarydronaphthalenedcarboxyOcacid;^ such as adipicacid. sebadc acid and azelaic acid- 

and other bifunctional carboxylic acids such as oxyackte exemplified by p-p-hydroxyethoxybenzoic acid and e-oxycap^ 
roic aad in an amount of 20 mol% or less 

[0021 ] The aromatic polyester comprising etnylene-2.6-naphthalene dicarboxylate as a main recurring unit may be a 
copolymer obtained through copolymerization by substituting part of an ethylene glycol conponent with at least one 
member selected from other diol compounds such as trimethylene glycol, tetramethylene glycol, hexamethylene glycol 
decamethylene glycol, neopentyl glycol, diethylene glycol. 1.1-cyclohexane dimethand, 1.4-cydohexane dimethanoT 
r£™ ^'-P-MroxyphenyOpropane and bis(4'-p-hydroxyethoxyphenyl)sulfonic acid in an amount of 20 mof% or less ' 
[0022] The aromatic polyester comprising ethylene-2.6-naphthalene dicarboxylate as a main recuning unit in the 
present invention may be a copolymer obtained through copolymerization by substituting each of a 2.6-naphthalene 
dicarboxylic acid component and an ethylene glycol component with the above copolymer components in an amount of 
20 mol% or less. 

[0023] The aromatic polyester comprising ethylene terephthalate as a main recurring unit in the present invention may 
be a copolymer obtained through copolymerization by substituting part of terephthalic acid with at least one member 
selected from other aromatic dicarboxylic acids such as isophthalic acid, 2.6-naphthalenedicarboxylic acid. diphenyWi- 
carboxylic acid, diphenoxyethane dicarooxylic acid, diphenyl ether dicarboxylic acid, diphenylsulfone dicarboxylic acid 
and tetrahydronaphthalene dicarboxylic acid; and the same alicyciic dicarooxylic acids, aliphatic dicarboxylic acids and 
oxyaads as those listed above in an amount of 20 mol% or less. The aromatic polyester comprising ethylene tereph- 
thalate as a main recuning unit may be a copolymer obtained through copolymerization by substituting part of an eth- 
ylene glycol component with at least one member selected from the same other diol compounds as those listed above 
in an amount of 20 mol% or less. 

[0024] The aromatic polyester comprising ethylene terephthalate as a main recurring unit in the present invention may 
be a copolymer obtained through copolymerization by substituting each of a terephthalic acid component and an ethyl- 
ene glycol component with the above copolymer components in an amount of 20 mol% or less. 
[0025] Further, the aromatic polyester comprising ethylene-2,6-naphthalene dicarboxylate and ethylene terephthalate 
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molded preform may be cooled and reheated before blow molding or Wow-molded without being cooled. 

[OMO] A b.axially oriented blow molded product having an acetaldehyde content of 20 ppm or less is also easily pro- 

5 Examples 

Eh«? e . foll0W ? example f f 6 9iV6n t0 fUrther illustrate the P resent inven *>n- ^ measurement conditions of 
main physical properties are as follows. 

10 (1)haze 

This is measured by the turbidimeter of Nippon Denshoku Kogyo Co Ltd 

(2) content of acetaldehyde 

chromatoSph7 frOZen *** "* mi,lrt ^ ewrt ^ da ^ de ^ einthes a m P'e is measured by gas 

(3) T!!2 * acetaldeh y de measured by head space method (to be referred to as "HS-AA" hereinafter) 

n^n 3 J e , ( ? ta,ne 15' ^ mcMm9 iS left t0 rtand at room tem Peraturefor 20 miruites, purged v^h2kgf/crn 2 of 
nrtr ° 9 !"'° r 30 and s ^led with an aluminum cap. After the bottle is maintained at 22-C for 24 hours the 

content of acetaldehyde in the gas phase of the bottle is measured by gas chromatography. 

(4) content of oligomers 

reformatio J!*? "JIZT* ^ disSOlved in a °» hexafluoro isopropanol and chlo- 

roform n a ratio of 1 :1 and the solution is measured by GPC. The total content of oligomers, which have 5 or less 
molecule units and which consist of the ethylene terephthalate unit, naphthalene dicarboxylate units and both of 
the units, is calculated from the previously formed calibration curve. 

2s Example 1 



15 



20 



30 



35 



AO 



45 



WO^ N,nety percent by weight of a polyethylene terephthalate pellet (IV (measured using a mixed solvent of tetra- 

Z S^.rl P -T "SR * ^ = ° 76> ° f acefaWeh ^ = 1 0 ppm. content of oligomers = 0.38 wt%. 
to be referredto as -homo-PEr hereinafter) having a Ge content of 70 ppm and 10 wt% of a polyethylene-2 6-naph 

1^ ™ ICa ^ a 2 T (,V (m6aSUred in the 53018 ™ n ™ as above) = 0.46. Jeit oSSl 

ILS^ li 90 ^ 8 = °- 57wt% ' 10 1,8 referred 10 as " n °mo-PEN" hereinafter) were dry-Wended The 

of amnjectwn molding machine (M100-DM of Meiki seisakusho Co.. Ltd.) (this position is in the section between a posi- 

TrJL * <Z ^i metenn9 ZOne d a * hen the molten polyester was stored in the front-end 

£. * th3 K Cyl,nder 01 106 ,n J ection adding machine for injection molding). The pressure was reduced to 5 mmHg 
l^Jff ? 3 ™* um P"^ * e Uend " as then injectkxHnolded into a mold cooled with cooling water of 10°C at 

preform ^shaped like a cylinder with one bottoniederri.whi* had an outer diameter in Hs barrel p^ 
Zii fS? J 3-5 mmand3t0t3llen 9 1h0f 150 mm - and was a substantially amorphous achromatic transparent 
0^1 w^l nl 6 aCetaWe J hyde "J* * the ^''^ ^ ^ 20 and the oligomer «^ £5S 
hv*rSp?wEL^ Wc * HT10lded ,nt0 a 15 - |iter self-supporting bottle having a pettaloyd-type bottom portion 

^eX^ 
Example 2 



Kof H^ITt 6 ^? ffS™ WaS repeated ^ ^ ethylene-2.6-naphthalene dicaitooxylate containing 7 
60 Table 1 tere PW h alate (DMT) was used in place of the homo-PEN as shown in TaWe 1 . Results are shown in 
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[0044] Polyemylene-2.6-naphthalene dicarooxylate chips (IV (measured using a mixed solvent of tetrachloroetharie 
and phenol in a ratio of 4:6) = 0.65, AA = 0.5 ppm) were dried with a dehumidifying drier at 160°C for 5 hours A vent 

s was formed on a hopper side 95 mm from the cylinder head of the injection molding machine M100-DM of Meiki sei- 
saKusho Co.. Ltd. (this position is in the section between a position where the aromatic polyester was substantially mol- 
ten in the cylinder of the injection molding machine and the position of the front-end of the metering zone of a screw 
when the molten aromatic polyester was stored in the front-end portion of the cylinder of the injection molding machine 
or injection molding). The pressure was reduced to 5 mmHg from the vent by a vacuum pump, and the chips were injec- 

io tion-molded into a mold cooled with cooling water of 10» C at a cylinder set temperature 

*T \ = 305 ° C and 3 m0ldin9 cycle of 30 seconds * the '"lection molding machine to obtain 

a preform having a weight of 55 g. The screw of the injection molding machine had a 90-mm metering zone, 260-mm 
cornpression zone, a 440-mm feed zone, a cushion amount after injection molding of 5 mm. and a retreat distance at 
the end I of metering of 85 mm. The preform was shaped like a cylinder with one bottomed end. which has an outer diam- 
is eter in rts barrel portion of 22 to 24 mm, a thickness of 3.5 mm and a total length of 150 mm. and was a substantially 
amorphous achromatic transparent molded product When the content of AA in the preform was measured it was 15 
EES'.?!!? W3S Wo ?- mo,d8d i™ 0 a 1 self-supporting bottle having a pettaloyd-type bottom portion by the 
Wow "9 macn,ne 01 Cincinnati Milacron Co. Ltd. The HSAA of the obtained bottle was 0.52 ug/l The 
measurement results of the AA of the preform and the HSAA of the bottle are shown in Table 2 

so 

Example 4 

[0045] A preform was obtained in the same manner as in Example 3 (in this case, the vent is in the section between 
a 1 positron where the aromatic polyester was substantially molten in the cylinder of the injection molding machine and 
the posrtion of the front-end of the metering zone of a screw when the molten aromatic polyester was stored in the front- 
end portion of the cylinder of the injection molding machine for injection molding) except that polyethylene-2.6-naphtha- 
lene dicarboxylate copolymer chips (IV (measured in the same manner as in Example 3) = 0.71. AA = 5.0 ppm) con- 
taining 8 mol% of a terephthalic acid component were used and that the cylinder set temperature was set to 
so shown in TaWeT 02216 = measurement results of *e AA of the preform and the HSAA of the bottle are 

Comparative Example 1 

[0046] Amoldedproductwasobtainedinthesamemannerasin Example 3 except that molding was carried out with- 
35 out exhausting air from the vent The measurement results of the AA of the preform and the HSAA of the bottle are 
shown in Table 2. 

Comparative Example 2 

« [0047] A molded product was obtained in the same manner as in Example 3 (in this case, the vent is not in the section 
between a position where the aromatic polyester was substantially molten in the cylinder of the injection molding 
machine and the position of the front-end of the metering zone of a screw when the molten aromatic polyester was 
stored in the front-end portion of the cylinder of the injection molding machine for injection molding) except that the posi- 
tion of the vent was located on the hopper side 300 mm from the cylinder head. The measurement results of the AA of 

45 the preform and the HSAA of the bottle are shown in Table 2 
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[0048] As described above, according to the process of the present invention, an aromatic polyester preform having 
a small content of acetaldehyde can be readily produced. 

[0049] According to the present invention, an injection molded product, particularly a bottle having excellent transpar- 
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ency and small contents of acetaldehyde and oligomers, can be obtained from an aromatic polyester comprising ethyl- 
ene terephthalate as a main recurring unit and an aromatic polyester comprising ethytene-2,6-naphthalene 
dicarboxylate as a main recurring unit. The molded product is particularly advantageously used as a container for a bev- 
erage. 



Claims 



1. A process for producing a preform by injection molding an aromatic polyester which comprises at least one aro- 
matic dicarboxylic acid selected from the group consisting of terephthalic acid and 2.6-naphthalenedicarboxylic 

io acid as a main dicarboxyfic acid component and ethylene glycol as a main diol component. 

wherein injection molding is carried out by an injection molding machine, which has at least one vent at the position 
of a cylinder between a position where the aromatic polyester is substantially molten in the cylinder of the injection 
molding machine and the position of the front-end of the metering zone of a screw when the molten aromatic pol- 
yester is stored in the front-end portion of the cylinder of the injection molding machine for injection molding while 

is air is exhausted from the vent under reduced pressure. 

2. The process of claim 1 . wherein the main recurring unit of the aromatic polyester is ethylene-2.6-naphthalene dicar- 
boxylate. 

so 3. The process of claim 1 . wherein the main recurring unit of the aromatic polyester is ethylene terephthalate. 

4. The process of claim 1 , wherein the aromatic polyester is a blend of a polyester comprising ethylene-2,6-naphtha- 
lene dicarboxylate as a main recurring unit and a polyester comprising ethylene terephthalate as a main recurring 
unit. , 



5. The process of claim 4. wherein the weight ratio of the polyester comprising ethylene-2.6-naphthalene dicarboxy- 
late as a mam recurring unit to the polyester comprising ethylene terephthalate as a main recurring unit is 56:44 to 
2 .93. 

30 6. The process of claim 4, wherein the blend contains a germanium corrpound in an amount of 20 to 90 ppm in terms 
of Ge atoms and an antimony corrpound in an amount of 3 to 1 10 ppm in terms of Sb atoms. 

7. The process of claim 1 , wherein the position where the aromatic polyester is substantially molten in the cylinder of 
the injection molding machine is the downstream end of the metering zone of the screw at a position where the 

55 screw backs off the most to the downstream side under molding conditions. 

8. The process of claim 1, wherein air is exhausted at a reduced pressure of 10 mmHg or less. 

9. A preform obtained by the process of claim 1. 

40 

10. The preform of claim 9, which has an acetaldehyde content of 20 ppm or less. 

11. A biaxially oriented blow molded product obtained by blow molding a preform obtained by the process of claim 1. 
45 12. The biaxially oriented blow molded product of claim 11, which has an acetaldehyde content of 20 ppm or less. 
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